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Abstract: Many different health effects are associated with the extracts of coloured 
cereals rich in anthocyanins. In vitro and in vivo studies showed that these claimed 
health benefits (anti-oxidation, glycaemic regulation, neuroprotection, lipid-profile 
regulation, anticancer, retinal protection, hepatoprotection, body weight control, 
relieving metabolic syndrome, enhancing immune response, and anti-ageing). The 
claimed health effects largely agree with those of anthocyanins from fruits and 
vegetables as well as pure anthocyanin compounds. A major type of pigments 
responsible for the colours as well as the health benefits of the cereals are 
anthocyanins. Aiming on the recent updates, this review summarises the chemical 
composition of the anthocyanins in maize. The coloured cereals as potential ingredients 
for functional food production have been subjected to extensive research for health 
benefits. 
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Introduction 
 
The blue, red and purple varieties of some cereals are drawing the 
attention of scientists and the food industry, since they are potential sources for 
obtaining extracts rich in anthocyanins. These compounds are found in some 
cereals, such as in purple corn, in such quantities as to make the obtaining and 
commercialisation of the extracts viable, moreover, the fact that they are 
frequently located in external tissues of the plant greatly facilitates their 
production (Escribano Bailon et al., 2004). 
Cereals are unremarkable staples for human nutrition. Zea mays is the 
major cereal with significant global production quantities. There is a great 
diversity in anthocyanin composition among maize plants. 
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The structure of the anthocyanins is identified by a range of analytical 
methods including high performance liquid chromatography (HPLC), mass 
spectrometry (MS), nuclear magnetic resonance (NMR), hydrolysis techniques, 
and ultraviolet–visible spectroscopy (UVV) (Escribano Bailon et al., 2004).  
Moreover, the potential health effects of anthocyanins from coloured 
maize have been much studied in vitro and in vivo. Coloured maize showed 
various health benefits such as extending the lifespan of fruit flies and 
nematodes (Chen et al., 2013). The results agree with those of epidemiological 
studies showing that consumption of plant foods rich in polyphenols (including 
anthocyanins) is negatively correlated with the occurrence of chronic diseases 
and medical disorders (Campbell, 2005). The demanded health effects of the 
anthocyanins also provision the current exploitation of coloured cereals as 
healthy foods for human health promotion and related applications. 
 
Composition of anthocyanins in maize 
 
Among the highly pigmented plant products which have been suggested 
as sources of anthocyanin colorants purple corn (Z. mays) is included (Giusti et 
al., 2003). There is a great genetic diversity in the colour (black, blue, pink, red, 
brown) of maize kernels (Paulsmeyer et al., 2017). Purple corn is a pigmented 
variety of Zea mays L. cultivated in Latin America, principally in Peru and 
Bolivia, to which beneficial effects for health are attributed, is prepared cooking 
the corn with fruits. In the plant, the anthocyanins appear in epidermal cells, 
where it is believed they exercise, among others, a protective function against 
UV-B radiation (Escribano Bailon et al., 2004).  
Anthocyanin composition and concentrations in the kernels and cobs of 
many different maize genotypes have been identified and quantified during the 
past few years (Table 1 and 2). The maize cob can also be rich in anthocyanins 
(Lao & Giusti, 2016). Great genetic variation in the contents of anthocyanins 
from coloured maize has been recorded (Žilić et al., 2012; Harakotr et al., 
2014; Harakotr et al., 2015) Nankar et al., 2016; Lao & Giusti, 2016; 
Paulsmeyer et al., 2017).  
For example, diversity in anthocyanin content (4.3−117 C3G mg/g 
samples) has been observed in 14 maize cobs (Lao & Giusti, 2016).  
A range of different anthocyanins have been identified/quantified in 
maize samples (Table 2). For example, in 12 waxy maize genotypes, Harakotr 
et al., (2014) quantified different anthocyanin compounds, which included 
cyanidin 3-glucoside (0−380 μg/g, db), pelargonidin 3-glucoside (0−99 μg/g, 
db), peonidin 3-glucoside (0−133 μg/g, db), cyanidin 3- (6''-malonylglucoside) 
(0−279 μg/g, db), pelargonidin 3-(6''-malonylglucoside) (0−20 μg/g, db), 
peonidin 3-(6''-malonylglucoside) (0−26 μg/g, db), cyanidin 3-(3'',6'' 
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dimalonylglucoside) (1−183 μg/g, db), cyanidin 3-(6''-succinylglucoside) 
(0−101 μg/g, db), cyanidin 3-(3'',6''- malonylsuccinylglucoside) (0−15 μg/g, 
db), and peonidin 3-(6''-succinylglucoside) (0−44 μg/g, db). Other studies also 
showed similar results that cyanidin 3-glucoside, peonidin 3-glucoside, and 
pelargonidin 3-glucoside tend to be the major anthocyanins, though the 
anthocyanin composition (e.g., the amount of acylated anthocyanins) greatly 
varied among different studies (Zilić et al., 2012). Such a discrepancy could be 
attributed to a range of factors, including maize genetics, growing conditions 
(different locations), plant physiology (e.g., maturation stage) and parts (e.g., 
aleurone vs. pericarp), and extraction, identification and quantification 
methods. 
 
Table 1 
Identification (%) of the anthocyanins present in flowers and leaves and in seeds of 
maize (Escribano Bailon et al., 2004) 
 Cy-G 
Cy-
MG 
Cy-DMG P-G 
P-
MG 
P-
DMG 
Pl-G 
Pl-
MG 
Flowers 49 26 17 2 t 1 n.d.  
Leaves 48 26 16 2 t 1 n.d  
Seeds 44 23 3 11 6 n.d. 5 4 
Cy-G: cyanidin-3-glucoside; Cy-MG: cyanidin-3-(6-malonylglucoside); Cy-DMG: cyanidin-3-(3,6-dimalonylglucoside); 
P-G: peonidin-3-glucoside; PMG: peonidin-3-(6-malonylglucoside); P-DMG: peonidin-3-dimalonylglucoside, without 
determination of the bonds between the malonyl units and glucose; Pl-G: pelargonidin-3-glucoside; Pl-MG: pelargonidin-
3-(6-malonylglucoside). 
 
Health effects of coloured maize 
 
There has been a range of health benefits associated with the 
consumption of anthocyanins from coloured fruit and vegetables, which has 
been reviewed previously. Petroni et al., (2014) concise the health effects of 
maize anthocyanins from the literatures of up to the year of 2013.  
 
Antioxidant activity - in vitro studies 
A purplish black waxy maize sample showed the highest antioxidant 
activity, and the DPPH radical scavenging activity of the samples increased 
with the degree of ripening (Harakotr et al., 2014). The high antioxidant 
activity was correlated with the highest concentration of anthocyanins in the 
kernels. The structure of anthocyanins largely determines the in vitro 
antioxidant activity (Rahman et al., 2006). For example, aglycone structure and 
the attached sugar moiety affected the radical scavenging activities against O·2- 
and ONOO- with the effect of the aglycone being greater. The scavenging 
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activity against superoxide radical followed the order of delphinidin > petunidin 
> malvidin ≈ cyanidin > peonidin > pelargonidin. However, the significance of 
these results for human health promotion remains very vague. 
 
Glycaemic regulation  
The effect of anthocyanin-rich extracts from blue maize on in vitro 
starch digestion was studied. Anthocyanin-rich extract from sorghum 
reduced the estimated glycaemic index (eGI) of maize starch porridge from 
90 to 67 and increased the resistant starch content from 0 to 9%. In another 
study, blue maize extract (addition of 75%) decreased the rapidly digestible 
starch content and increased that of resistant starch by 1−2 times for native 
and gelatinized starches (Camelo-Méndez et al., 2016). In contrast, the 
extract from white maize showed little such effect. The effect on reducing 
the starch digestion could be due to the interactions between starch-
anthocyanin and digestive enzyme-anthocyanin (Zhu, 2015). The result 
greatly depends on the type of the polyphenols. The overhead studies 
showed that black sorghum extract appeared to be much more effective than 
blue maize extract. The additional types of polyphenols such as 
proanthocyanidins from sorghum should also play a major role in regulating 
the starch digestion (Zhu, 2015). 
 
Anticancer and cytoprotection 
The anticancer effects of extracts from maize on a range of different 
cancer cells were studied in vitro (Urias-Lugo et al., 2015). Urias-Lugo et 
al., (2015) studied the anti-proliferative effects of blue maize extract on a 
range of cancer cells including mammary (MCF-7), colon (HT-29 and 
Caco-2), liver (HepG2), and prostate (PC-3) cancer cells, and also mouse 
embryo fibroblast (NIH3T3) cells. The extracts were prepared by using both 
non-acidified and HCl-acidified ethanol solution. Results showed that the 
extract from using HCl-acidified ethanol solution had a higher 
antiproliferative effect than that from non-acidified ethanol. This could be 
readily attributed to the different polyphenol composition from the two 
solvent systems. 
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Table 2 
Anthocyanin composition in Zea mays by Fan Zhu 2018 
 
 
Sample type 
and number of 
genotypes (n) 
Extraction 
solvent 
Quantification 
and 
identification 
methods 
Total 
anthocyanin 
content 
Anthocyanin type and composition Ref. 
Colored, n = 12 
Methanol with 1 
N HCl (85:15) 
HPLC-MS, total 
anthocyanin 
method a , UVV 
b 
3−696 mg 
CGE/kg, db 
Cyanidin 3-glucoside (0−547 mg/kg, db), cyanidin 3,5- diglucoside (up to 5 
mg/kg, db), pelargonidin 3- glucoside (up to 2 mg/kg, db), pelargonidin 3,5- 
diglucoside (up to 2 mg/kg, db) 
Žilić et al., 
2012 
Waxy maize,  n = 
49 
Aqueous acetone 
(70%) with HCl 
(0.01%) 
pH differential 
0−1,063 μg 
CGE/g, db 
 
Harakotr et 
al., 2015 
Waxy maize, n = 
12 (samples from 
2 maturation 
stages: milk and 
mature) 
Aqueous acetone 
(70%) with HCl 
(0.01%) 
pH differential, 
HPLC-MS, UVV 
0−1,439 μg 
CGE/g, db 
Cyanidin 3-glucoside (0−380 μg/g, db), pelargonidin 3- glucoside (0−99 μg/g, 
db), peonidin 3- glucoside (0−133 μg/g, db), cyanidin 3- (6''-malonylglucoside) 
(0−279 μg/g, db), pelargonidin 3-(6''- malonylglucoside) (0−20 μg/g, db), 
peonidin 3-(6''- malonylglucoside) (0−26 μg/g, db), cyanidin 3-(3'',6''- 
dimalonylglucoside) (1−183 μg/g, db), cyanidin 3-(6''- succinylglucoside) 
(0−101 μg/g, db), cyanidin 3-(3'',6''- malonylsuccinylgluco side) (0−15 μg/g, 
db), peonidin 3-(6''- succinylglucoside) (0−44 μg/g, db) 
Harakotr et 
al., 2014 
Blue maize, whole 
flour, n = 8, grown 
in 3 different 
locations 
Acidified 
methanol 
HPLC-MS, 
UVV, pH 
differential 
method 
0.04−0.88 g 
CGE/kg 
kernel tissue 
(pH 
differential) 
Cyanidin 3-glucoside (62%), pelargonidin 3- glucoside (14%), cyanidin 3- 
disuccinylglucoside (5%), cyanidin 3- succinylglucoside  (4%), peonidin 3- 
glucoside (3.4%) 
Nankar et 
al., 2016 
Pigmented whole 
grain flour, n= 398 
Formic acid 
aqueous 
solution 
(2%) 
HPLC, UVV 
23−252 mg 
CGE/kg 
(average values 
of 5 groups 
differing in 
color features) 
Cyanidin 3-glucoside (3−57%), pelargonidin 3-glucoside (2−15%), peonidin 3-
glucoside (1−12%), acylated anthocyanins (8−63%) 
Paulsmeyer 
et al., 2017 
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Relieving metabolic syndrome 
Metabolic syndrome, MS, is characterised by a range of medical 
conditions such as elevated blood pressure, high serum triglycerides and 
low high-density lipoprotein levels. The effect of blue maize extract on MS 
in Wistar rats (up to 4 weeks) fed with a diet high in sucrose and cholesterol 
concentrations was studied (Guzmán-Gerónimo et al., 2017). The extract 
increased the level of high-density lipoprotein cholesterol (from 1 to 1.2 
mmol/L), while decreasing the levels of serum triglycerides (from 2.5 to 1.7 
mmol/L) and total cholesterol (from 2.2 to 1.7 mmol/L), systolic blood 
pressure (from 162 to 112), and epididymal adipose tissue weight (from 
10.5 to 8.1 g) in the rats with MS (Guzmán-Gerónimo et al., 2017). It 
should be noted that the MS-relieving effect may not only be attributed to 
the anthocyanins (2.9 mg/kg body weight) but also to the other polyphenols 
as the extract contained 70% of the latter (total polyphenol content at 9.97 
mg/kg body weight) (Guzmán-Gerónimo et al., 2017). 
 
Conclusions 
Regarding the total content of anthocyanin present in purple corn, it 
is notably high. It has been found that, for whole purple corn, the content is 
1642 mg/100 g in humid base and 1779 mg/100 g in dry base expressing the 
concentration in mg of cyanidin-3-glucoside/100 g, which makes this cereal 
a good source for the obtaining of extracts rich in anthocyanins. 
The anthocyanic composition of some pigmented cereals is still not 
well established, neither in relation to some of their components, nor from 
the quantitative point of view.  
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